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the drive circuitry and adapted to eject a droplet of the eject 
able liquid from the noZZle opening. Each chamber comprises 
a roof and sideWalls extending from the passivation layer to 
the roof. The roof and sideWalls are both comprised of a glass 
material. 
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STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0003] Not applicable. 

FIELD OF THE INVENTION 

[0004] The present invention relates to an ink jet printer 
device. 

BACKGROUND OF THE INVENTION 

[0005] Many different types of printing have been invented, 
a large number of Which are presently in use. The knoWn 
forms of print have a variety of methods for marking the print 
media With a relevant marking media. Commonly used forms 
of printing include offset printing, laser printing and copying 
devices, dot matrix type impact printers, thermal paper print 
ers, ?lm recorders, thermal Wax printers, dye sublimation 
printers and ink jet printers both of the drop on demand and 
continuous ?oW type. Each type of printer has its oWn advan 
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tages and problems When considering cost, speed, quality, 
reliability, simplicity of construction and operation etc. 
[0006] In recent years, the ?eld of ink jet printing, Wherein 
each individual pixel of ink is derived from one or more ink 
noZZles has become increasingly popular primarily due to its 
inexpensive and versatile nature. 
[0007] Many different techniques of ink jet printing have 
been invented. For a survey of the ?eld, reference is made to 
an article by J Moore, “Non-Impact Printing: Introduction 
and Historical Perspective”, Output Hard Copy Devices, Edi 
tors R Dubeck and S Sherr, pages 207-220 (1988). 
[0008] Ink Jet printers themselves come in many different 
forms. The utiliZation of a continuous stream of ink in ink jet 
printing appears to date back to at least 1929 Wherein US. 
Pat. No. 1,941,001 by Hansell discloses a simple form of 
continuous stream electro-static ink jet printing. 
[0009] US. Pat. No. 3,596,275 by SWeet also discloses a 
process of continuous ink jet printing including a step 
Wherein the ink jet stream is modulated by a high frequency 
electro-static ?eld so as to cause drop separation. This tech 
nique is still utiliZed by several manufacturers including Elm 
jet and Scitex (see also US. Pat. No. 3,373,437 by SWeet et 
al). 
[0010] PieZoelectric ink jet printers are also one form of 
commonly utiliZed ink jet printing device. Piezoelectric sys 
tems are disclosed by Kyser et. al. in US. Pat. No. 3,946,398 
(1970) Which utiliZes a diaphragm mode of operation, by 
Zolten in US. Pat. No. 3,683,212 (1970) Which discloses a 
squeeze mode of operation of a pieZoelectric crystal, Stemme 
in US. Pat. No. 3,747,120 (1972) discloses a bend mode of 
pieZoelectric operation, HoWkins in US. Pat. No. 4,459,601 
discloses a pieZoelectric push mode actuation of the ink jet 
stream and Fischbeck in US. Pat. No. 4,584,590 Which dis 
closes a shear mode type of pieZoelectric transducer element. 
[0011] Recently, thermal ink jet printing has become an 
extremely popular form of ink j et printing. The ink jet printing 
techniques include those disclosed by Endo et al in GB 
2007162 (1979) and Vaught et al in US. Pat. No. 4,490,728. 
Both the aforementioned references disclose ink jet printing 
techniques Which rely upon the activation of an electrother 
mal actuator Which results in the creation of a bubble in a 
constricted space, such as a noZZle, Which thereby causes the 
ejection of ink from an aperture connected to the con?ned 
space onto a relevant print media. Printing devices utiliZing 
the electro-thermal actuator are manufactured by manufac 
turers such as Canon and HeWlett Packard. 
[0012] As can be seen from the foregoing, many different 
types of printing technologies are available. Ideally, a printing 
technology should have a number of desirable attributes. 
These include inexpensive construction and operation, high 
speed operation, safe and continuous long term operation etc. 
Each technology may have its oWn advantages and disadvan 
tages in the areas of cost, speed, quality, reliability, poWer 
usage, simplicity of construction operation, durability and 
consumables. 
[0013] It Would be desirable to create a more compact and 
e?icient inkj et printer having an ef?cient and effective opera 
tion in addition to being as compact as possible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a perspective cross-sectional vieW of a 
single ink jet noZZle constructed in accordance With a pre 
ferred embodiment; 
[0015] FIG. 2 is a close-up perspective cross-sectional vieW 
(portionA of FIG. 1), of a single ink jet noZZle constructed in 
accordance With a preferred embodiment; 
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[0016] FIG. 3 is an exploded perspective vieW illustrating 
the construction of a single ink jet nozzle in accordance With 
a preferred embodiment; 
[0017] FIG. 4 provides a legend of the materials indicated 
in FIGS. 1 to 15; and 
[0018] FIGS. 5 to 15 illustrate sectional vieWs of the manu 
facturing steps in one form of construction of an ink jet 
printhead noZZle. 

DESCRIPTION OF PREFERRED AND OTHER 
EMBODIMENTS 

[0019] The ink jet designs shoWn here are suitable for a 
Wide range of digital printing systems, from battery poWered 
one-time use digital cameras, through to desktop and netWork 
printers, and through to commercial printing systems 
[0020] For ease of manufacture using standard process 
equipment, the print head is designed to be a monolithic 
CMOS chip With MEMS post processing. For a general intro 
duction to micro-electric mechanical systems (MEMS) ref 
erence is made to standard proceedings in this ?eld including 
the proceedings of the SPIE (International Society for Optical 
Engineering), volumes 2642 and 2882 Which contain the 
proceedings for recent advances and conferences in this ?eld. 
[0021] For color photographic applications, the print head 
is 100 mm long, With a Width Which depends upon the ink jet 
type. 
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[0022] In a preferred embodiment, an ink jet print head is 
made up of a plurality of noZZle chambers each having an ink 
ejection port. Ink is ejected from the ink ejection port through 
the utiliZation of attraction betWeen tWo parallel plates. 
[0023] Turning initially to FIG. 1, there is illustrated a 
cross-sectional vieW of a single noZZle arrangement 210 as 
constructed in accordance With a preferred embodiment. The 
noZZle arrangement 210 includes a noZZle chamber 211 in 
Which is stored ink to be ejected out of an ink ejection port 
212. The noZZle arrangement 210 can be constructed on the 
top of a silicon Wafer utiliZing micro electro-mechanical sys 
tems construction techniques as Will become more apparent 
hereinafter. The top of the noZZle plate also includes a series 
of regular spaced etchant holes, eg 213 Which are provided 
for ef?cient sacri?cial etching of loWer layers of the noZZle 
arrangement 210 during construction. The siZe of the etchant 
holes 213 is small enough that surface tension characteristics 
inhibit ejection from the holes 213 during operation. 
[0024] Ink is supplied to the noZZle chamber 211 via an ink 
supply channel, eg 215. 
[0025] Turning noW to FIG. 2, there is illustrated a cross 
sectional vieW of one side of the noZZle arrangement 210. A 
noZZle arrangement 210 is constructed on a silicon Wafer base 
217 on top of Which is ?rst constructed a standard CMOS tWo 
level metal layer 218 Which includes the required drive and 
control circuitry for each noZZle arrangement. The layer 218, 
Which includes tWo levels of aluminum, includes one level of 
aluminum 219 being utiliZed as a bottom electrode plate. 
Other portions 220 of this layer can comprise nitride passi 
vation. On top of the layer 219 there is provided a thin poly 
tetra?uoroethylene (PTFE) layer 221. 
[0026] Next, an air gap 227 is provided betWeen the top and 
bottom layers. This is folloWed by a further PTFE layer 228 
Which forms part of the top plate 222. The tWo PTFE layers 
221, 228 are provided so as to reduce possible stiction effects 
betWeen the upper and loWer plates. Next, a top aluminum 
electrode layer 230 is provided folloWed by a nitride layer 
(not shoWn) Which provides structural integrity to the top 
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electro plate. The layers 228-230 are fabricated so as to 
include a corrugated portion 223 Which concertinas upon 
movement of the top plate 222. 
[0027] By placing a potential difference across the tWo 
aluminum layers 219 and 230, the top plate 222 is attracted to 
bottom aluminum layer 219 thereby resulting in a movement 
of the top plate 222 toWards the bottom plate 219. This results 
in energy being stored in the concertinaed spring arrangement 
223 in addition to air passing out of the side air holes, eg 233 
and the ink being sucked into the noZZle chamber as a result 
of the distortion of the meniscus over the ink ejection port 212 
(FIG. 1). Subsequently, the potential across the plates is 
eliminated thereby causing the concertinaed spring portion 
223 to rapidly return the plate 222 to its rest position. The 
rapid movement of the plate 222 causes the consequential 
ejection of ink from the noZZle chamber via the ink ejection 
port 212 (FIG. 1). Additionally, air ?oWs in via air gap 233 
underneath the plate 222. 
[0028] The ink jet noZZles of a preferred embodiment can 
be formed from utiliZation of semi-conductor fabrication and 
MEMS techniques. Turning to FIG. 3, there is illustrated an 
exploded perspective vieW of the various layers in the ?nal 
construction of a noZZle arrangement 210. At the loWest layer 
is the silicon Wafer 217 upon Which all other processing steps 
take place. On top of the silicon layer 217 is the CMOS 
circuitry layer 218 Which primarily comprises glass. On top 
of this layer is a nitride passivation layer 220 Which is prima 
rily utiliZed to pas sivate and protect the loWer glass layer from 
any sacri?cial process that may be utiliZed in the building up 
of subsequent layers. Next there is provided the aluminum 
layer 219 Which, in the alternative, can form part of the loWer 
CMOS glass layer 218. This layer 219 forms the bottom plate. 
Next, tWo PTFE layers 226, 228 are provided betWeen Which 
is laid doWn a sacri?cial layer, such as glass, Which is subse 
quently etched aWay so as to release the plate 222 (FIG. 2). On 
top of the PTFE layer 228 is laid doWn the aluminum layer 
230 and a subsequent thicker nitride layer (not shoWn) Which 
provides structural support to the top electrode stopping it 
from sagging or deforming. After this comes the top nitride 
noZZle chamber layer 235 Which forms the rest of the noZZle 
chamber and ink supply channel. The layer 235 can be formed 
from the depositing and etching of a sacri?cial layer and then 
depositing the nitride layer, etching the noZZle and etchant 
holes utiliZing an appropriate mask before etching aWay the 
sacri?cial material. 

[0029] Obviously, print heads can be formed from large 
arrays of noZZle arrangements 210 on a single Wafer Which is 
subsequently diced into separate print heads. Ink supply can 
be either from the side of the Wafer or through the Wafer 
utiliZing deep anisotropic etching systems such as high den 
sity loW pressure plasma etching systems available from sur 
face technology systems. Further, the corrugated portion 223 
can be formed through the utilisation of a half tone mask 
process. 
[0030] One form of detailed manufacturing process Which 
can be used to fabricate monolithic ink jet print heads oper 
ating in accordance With the principles taught by the present 
embodiment can proceed utiliZing the folloWing steps: 
[0031] 1. Using a double sided polished Wafer 240, com 
plete a 0.5 micron, one poly, 2 metal CMOS process 242. This 
step is shoWn in FIG. 5. For clarity, these diagrams may not be 
to scale, and may not represent a cross section though any 
single plane of the noZZle. FIG. 4 is a key to representations of 
various materials in these manufacturing diagrams, and those 
of other cross referenced ink jet con?gurations. 
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[0032] 2. Etch the passivation layers 246 to expose the 
bottom electrode 244, formed of second level metal. This etch 
is performed using Mask 1. This step is shoWn in FIG. 6. 
[0033] 3. Deposit 50 nm of PTFE or other highly hydro 
phobic material. 
[0034] 4. Deposit 0.5 microns of sacri?cial material, eg 
polyimide 248. 
[0035] 5. Deposit 0.5 microns of (sacri?cial) photosensi 
tive polyimide. 
[0036] 6. Expose and develop the photosensitive polyimide 
using Mask 2. This mask is a gray-scale mask Which de?nes 
the concertina edge 250 of the upper electrode. The result of 
the etch is a series of triangular ridges at the circumference of 
the electrode. This concertina edge is used to convert tensile 
stress into bend strain, and thereby alloW the upper electrode 
to move When a voltage is applied across the electrodes. This 
step is shoWn in FIG. 7. 
[0037] 7. Etch the polyimide and passivation layers using 
Mask 3, Which exposes the contacts for the upper electrode 
Which are formed in second level metal. 
[0038] 8. Deposit 0.1 microns of tantalum 252, forming the 
upper electrode. 
[0039] 9. Deposit 0.5 microns of silicon nitride (Si3N4), 
Which forms the movable membrane of the upper electrode. 
[0040] 10. Etch the nitride and tantalum using Mask 4. This 
mask de?nes the upper electrode, as Well as the contacts to the 
upper electrode. This step is shoWn in FIG. 8. 
[0041] 11. Deposit 12 microns of (sacri?cial) photosensi 
tive polyimide 254. 
[0042] 12. Expose and develop the photosensitive polyim 
ide using Mask 5. A proximity aligner can be used to obtain a 
large depth of focus, as the line-Width for this step is greater 
than 2 microns, and can be 5 microns or more. This mask 
de?nes the noZZle chamber Walls. This step is shoWn in FIG. 
9. 
[0043] 13. Deposit 3 microns of PECVD glass 256. This 
step is shoWn in FIG. 10. 
[0044] 14. Etch to a depth of 1 micron using Mask 6. This 
mask de?nes the noZZle rim 258. This step is shoWn in FIG. 
11. 
[0045] 15. Etch doWn to the sacri?cial layer 254 using 
Mask 7. This mask de?nes the roof of the noZZle chamber, and 
the noZZle 260 itself. This step is shoWn in FIG. 12. 
[0046] 16. Back-etch completely through the silicon Wafer 
246 (With, for example, an ASE Advanced Silicon Etcher 
from Surface Technology Systems) using Mask 8. This mask 
de?nes the ink inlets 262 Which are etched through the Wafer 
240. The Wafer 240 is also diced by this etch. 
[0047] 17. Back-etch through the CMOS oxide layer 
through the holes in the Wafer 240. This step is shoWn in FIG. 
13. 
[0048] 18. Etch the sacri?cial polyimide 254. The noZZle 
chambers 264 are cleared, a gap is formed betWeen the elec 
trodes and the chips are separated by this etch. To avoid 
stiction, a ?nal rinse using supercooled carbon dioxide can be 
used. This step is shoWn in FIG. 14. 
[0049] 19. Mount the print heads in their packaging, Which 
may be a molded plastic former incorporating ink channels 
Which supply the appropriate color ink to the ink inlets at the 
back of the Wafer. 
[0050] 20. Connect the print heads to their interconnect 
systems. For a loW pro?le connection With minimum disrup 
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tion of air?oW, TAB may be used. Wire bonding may also be 
used if the printer is to be operated With su?icient clearance to 
the paper. 
[0051] 21. HydrophobiZe the front surface of the print 
heads. 
[0052] 22. Fill the completed print heads With ink 266 and 
test them. A ?lled noZZle is shoWn in FIG. 15. 
[0053] The presently disclosed ink jet printing technology 
is potentially suited to a Wide range of printing system includ 
ing: color and monochrome of?ce printers, short run digital 
printers, high speed digital printers, offset press supplemental 
printers, loW cost scanning printers high speed pageWidth 
printers, notebook computers With inbuilt pageWidth printers, 
portable color and monochrome printers, color and mono 
chrome copiers, color and monochrome facsimile machines, 
combined printer, facsimile and copying machines, label 
printers, large format plotters, photograph copiers, printers 
for digital photographic “minilabs”, video printers, PHOTO 
CD (PHOTO CD is a registered trademark of the Eastman 
Kodak Company) printers, portable printers for PDAs, Wall 
paper printers, indoor sign printers, billboard printers, fabric 
printers, camera printers and fault tolerant commercial printer 
arrays. 
[0054] It Would be appreciated by a person skilled in the art 
that numerous variations and/ or modi?cations may be made 
to the present invention as shoWn in the speci?c embodiments 
Without departing from the spirit or scope of the invention as 
broadly described. The present embodiments are, therefore, 
to be considered in all respects to be illustrative and not 
restrictive. 

1. A printhead integrated circuit comprising: 
a silicon substrate; 
a CMOS layer disposed on said silicon substrate, said 
CMOS layer comprising drive and control circuitry; 

a passivation layer covering said CMOS layer; and 
a plurality of noZZle assemblies disposed on said passiva 

tion layer, each noZZle assembly comprising: 
a noZZle chamber for containing an ej ectable liquid, said 

noZZle chamber having a noZZle opening de?ned 
therein; and 

at least one droplet ejection actuator associated With 
each of the chambers respectively, the droplet ejection 
actuator being electrically connected to the drive cir 
cuitry and adapted to eject a droplet of the ejectable 
liquid from the noZZle opening, 

Wherein each chamber comprises a roof and sideWalls extend 
ing from said passivation layer to said roof, Wherein said roof 
and said sideWalls are both comprised of a glass material. 

2. The printhead integrated circuit of claim 1, Wherein the 
glass material is silicon nitride. 

3. The printhead integrated circuit of claim 1, Wherein the 
glass material is deposited by plasma enhanced chemical 
vapour deposition (PECVD). 

4. The printhead integrated circuit of claim 1, Wherein one 
of the sideWalls has chamber inlet de?ned therein. 

5. The printhead integrated circuit of claim 1, Wherein one 
or more ink supply channels extend from a backside of the 
silicon substrate toWards said noZZle assemblies. 

* * * * * 


